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(57) ABSTRACT 

The present invention encompasses a mobile station com- 
prising a transmitter for transmitting outgoing signals from 
the mobile station and a receiver for receiving incoming 
signals, the receiver coupled to the transmitter and having N 
subreceivers, where N is an integer greater than one and 
each of the N subreceivers may independently be tuned to a 
desired frequency. The present invention also encompasses 
a wireless communication system comprising a plurality of 
base stations, where each of the base stations transmits 
signals on at least one of a plurality of frequencies and a 
plurality of mobile stations, at least one of the plurality of 
mobile stations comprises a transmitter for transmitting 
signals to at least one of the plurality of base stations and a 
receiver coupled to the transmitter for receiving signals from 
at least one of the plurality of base stations, the receiver 
having N subreceivers, where N is an integer greater than 
one and each of the N subreceivers is independently tuned 
to a desired frequency. 

11 Claims, 7 Drawing Slieets 




03/30/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 12, 2003 Sheet 1 of 7 



US 6,606,485 Bl 




03/30/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 12, 2003 sheet 2 of 7 US 6,606,485 Bl 




03/30/2004, EAST Version: 1.4.1 



U.S. Patent 



Aug. 12, 2003 Sheet 3 of 7 



US 6,606,485 Bl 




03/30/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 12, 2003 sheet 4 of 7 US 6,606,485 Bl 




FREQUENCY 
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CANDIDATE SYSTEM SEARCH AND SOFT 
HANDOFF BETWEEN FREQUENCIES IN A 
MULTI-CARRIER MOBILE 
COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Inveolion 

The present invention generally relates to mobile com- 
munication systems. More specifically, the present invention 
relates to mobile communication systems in which mobile 
stations can receive and demodulate signals transmitted on 
more than one frequency, 

2. Description of the Related Art 

FIG. 1 shows a general block diagram of an earlier mobile 
station 100 used in a cellular telephone system, such as a 
code division multiple access (CDMA) cellular telephone 
system. U.S. Pat. No. 5,109390, which has been assigned to 
the assignee of the present invention and which is incorpo- 
rated herein by reference, discloses a schematic diagram of 
an example of a CDMA cellular telephone system and a 
block diagram of a mobile station used in such a system. 
Refening to FIG. 1, mobile station 100 comprises an 
antenna 105 for communicating with base stations, a trans- 
mitter 110 for transmitting signals from the mobile station 
100, a receiver 120 for receiving signals, a searchers and 
demodulators unit 130, and a duplexer 115 coupled to the 
antenna 105, transmitter HO, and receiver 120 for properly 
routing outgoing signals from the transmitter 110 to antenna 
105 and incoming signals from antenna 105 to receiver 120. 
Duplexer 115 is a conventional duplexer that may be a full 
duplexer, which allows transmitting and receiving signals 
simultaneously, or a half duplexer, which allows for only 
one of transmitting or receiving signals at any given time. 

Receiver 120 comprises a first band pass filter (BPF) 121 
coupled to duplexer 115, a mixer 122 coupled to the first 
BPF 121, a local oscillator (LO) 123 coupled to mixer 122, 
a second BPF 124 coupled to mixer 122, and a subreceiver 
125 coupled to the second BPF 124. Subreceiver 125 
includes a frequency translator 126, which may be either a 
digital or analog frequency translator, and a third BPF 127. 

Duplexer 115 routes incoming signals to the first BPF 121 
which in turn sends a band passed version of the incoming 
signals to mixer 122. Mixer 122 also receives a second input 
from LO 123. The output of mixer 122 is sent to the second 
BPF 124 which sends a band passed version of its input 
signal to subreceiver 125. Frequency translator 126 receives 
the output of the second BPF 124 and shifts the received 
signal in the frequency domain such that its output is 
centered around a desired frequency, namely the frequency 
on which signals are carried as they are transmitted between 
the mobile station 100 and a base station with which the 
mobile station 100 is in communication. The third BPF 127 
receives the output of frequency translator 126 and outputs 
a band passed version of its input. The third BPF 127 has a 
band pass of 1.25 MHz and is centered around the frequency 
on which signals are carried as they are transmitted between 
the mobile station 100 and the base station with which the 
mobile station 100 is in communication. The output of third 
BPF 127 is transmitted to the searchers and demodulators 
unit 130. The demodulators in searchers and demodulators 
unit 130 demodulate the signals on incoming waveforais. 
Thereafter, the demodulation fingers of the demodulators 
remove the codes of a communication code channel, such as 
Walsh codes and pseudorandom noise (PN) codes, from the 
demodulated signals, and combine the removed codes. The 
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searchers in the searchers and demodulators unit 130 search 
for the existence of a structured waveform, such as codes of 
a communication code channel, e.g., Walsh codes or PN 
codes. Examples of searchers and demodulators are dis- 

5 closed in U.S. Pat. Nos. 5,103,459, 5,490,165, and 5,506, 
865, all of which have been assigned to the assignee of the 
present invention and arc incorporated herein by reference. 
It is to be noted that in some of the above referenced patents, 
a digital receiver or a digital data receiver may refer to a 

10 demodulator or a combination of a searcher and 
demodulator(s). Similarly, an analog receiver may refer to 
what in the present application is referred to as receiver 120 
or an equivalent thereof. 
As the subreceiver is tuned to only one frequency at any 

15 given time, the mobile station can be in communication only 
with a base station transmitting signals on the frequency 
range to which the mobile station is tuned. This limitation 
with respect to the frequency to which the mobile station is 
mned causes the mobile station and the wireless communi- 

20 cation system within which the mobile station operates to 
suffer from several disadvantages. First, the mobile station 
cannot be in soft handoff between two different frequencies. 
Second, the mobile station cannot monitor or search for 
pilots at more than one frequency at any given time. Third, 

25 in the idle state, the mobile station cannot monitor or search 
for pages at more than one frequency at any given time. 

SUMMARY OF THE INVENTION 

The present invention overcomes the aforementioned 
disadvantages by using N (where N is an integer greater than 
one) subrcceivers in the receiver of the mobile station. Each 
of the subrcceivers in the mobile station of the present 
invention may be independently tuned to a particular fre- 
quency. As a result of having multiple subrcceivers that may 
be independently tuned to different frequencies, the mobile 
station of the present invention can simultaneously receive 
signals on more than one frequency from different base 
stations or from different sectors of one base station. This 
allows the mobile station (1) to be in (a) soft handoff 
between two different frequencies wdiich arc received from 
different base stations or (b) softer handoff between two 
differcnt frequencies which arc received from differcnt sec- 
tors of the same base station or (c) soft softer handoff 
between multiple frequencies which are received from dif- 
ferent base stations, where in the case of at least one base 
station, multiple frequencies are received from different 
sectors of the same base station, (2) to be in communication 
with one base station at a first frequency while at the same 
time searching for and monitoring pilots at other frequencies 
with little or no degradation to the forward or reverse links 
with the base station with which it is in communication, and 
(3) to simultaneously search for and monitor pages at more 
than one frequency in the idle state, i.e., when the mobile 
station is not on a traffic channel. 

In order to provide these and other benefits, the mobile 
station comprises: a transmitter for transmitting outgoing 
signals from the mobile station; and a receiver for receiving 
incoming signals, the receiver coupled to the transmitter and 
gQ having N subrcceivers, where N is an integer greater than 
one and each of the N subrcceivers may independently be 
tuned to a desired frequency. , 

In one embodiment, the receiver comprises three subrcK ; 
ccivers and each of the three subrcceivers has a frequency^i 
65 band that is approximately 1.25 MHz wide. ^ 

In another embodiment, the receiver comprises two sub- 
receivers. In a first two subreceiver embodiment, the first 
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subreceiver has a frequency band that is two times as wide 
in the frequency domain as the frequency band of the second 
subreceiver. In a second two subreceiver embodiment, the 
first subreceiver has a frequency band that is three times as 
wide in the frequency domaiD as the frequency band of the 
second subreceiver. 

The present invention also encompasses a wireless com- 
munication system comprisiog: (1) a plurality of base 
stations, where each of the base stations transmits signals on 
at least one of a plurality of frequencies; and (2) a plurality 
of mdDile stations, where at least one of the plurality of 
mobile stations comprises: (a) a transmitter for transmitting 
signals to at least one of the plurality of base stations; and 
a receiver coupled to the transmitter for receiving signals 
from at least one of the plurality of base stations, the receiver 
having N subreceivers, where N is an integer greater than 
one and each of the N subreceivers is independently tuned 
to a desired frequency. 

In one embodiment, a first base station of the plurality of 
base stations transmits signals on a first frequency using a 
first code channel and a second base station of the plurality 
of base stations transmits signals on the first frequency using 
a second code channel that is different from the first code 
channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a general block diagram of an earlier mobile 
station. 

FIG. 2 is a general block diagram of the mobile station of 
the present invention. 

FIG. 3 is a graph on the frequency domain of multiple 
frequencies and multiple code channels used for transmitting 
signals in the wireless communication system of the present 
invention. 

FIG. 4 is a more detailed view of code channels used for 
transmitting signals on one of the frequency bands in FIG. 
3. 

FIGS. 5-10 are tables showing examples of different 
combinations of frequencies, base stations, code channels, 
and code symbols used in the wireless communication 
system of the present invention, 

FIG. 11 is a general block diagram of an embodiment of 
the multiple subreceiver mobile station of the present inven- 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 2 shows a general block diagram of the mobile 
station of the presently preferred embodiment of the inven- 
tion. Mobile station 200 comprises elements contained in 
mobile station 100. For each element in mobile station 200 
having a corresponding element in mobile station 100, a 
reference number has been selected by adding 100 to the 
reference nimiber of the corresponding element in mobile 
station 100. For example, the duplexer in mobile station 200 
is referenced as duplexer 215, where 215 is the sum of 100 
and the reference number 115 for duplexer 115 in mobile 
station 100. As the elements in mobile station 200 having 
corresponding elements in mobile station 100 are well 
known to those skilled in the art and have been described 
above, those elements in mobile station 200 will not be 
further described herein in order to concentrate on the 
inventive features of the mobile station 200 of the present 
invention. Similarly, other elements commonly used in 
mobile stations have been omitted from the block diagrams 
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of mobile stations 100 and 200 since such elements are well 
known to those skilled in the art. 

As can be seen in FIGS. 1 and 2, mobile station 200 
contains elements in addition to those that have correspond- 

5 ing elements in mobile station 100. For example, unlike 
receiver 120, in mobile station 100, which has only one 
subreceiver 125, receiver 220 in mobile station 200 com- 
prises N subreceivers 225, where N is an integer greater than 
one. Each of the N subreceivers 225 may be independentiy 

jQ tuned to a different frequency to search for, monitor, and 
demodulate signals sent on different frequencies. The use of 
multiple subreceivers which may be independently tuned to 
different frequencies allows mobile station 200 to simulta- 
neously receive signals on more than one frequency from 
different base stations or different sectors of one base station. 

In some embodiments, the searchers and demodulators 
unit 230 may contain additional demodulator EPF's (not 
shown) for further filtering signals received from EPF's 227 
in receiver 220. A demodulator would include demodulator] 

20 EPF's when the bandwidth of the EPF 227 from which thej 
demodulator receives signals is sufficiently wide so as to| 
contain more than one frequency band on which signals are 
commonly transmitted in a wireless communication system. 
In a wireless communication system, in accordance with a 

25 presently preferred embodiment of the invention, a fre- 
quency band of 1.25 MHz is commonly used to transmit 
signals. Therefore, when more than one 1.25 MHz band may 
be fitted into the frequency band of the feeding EPF 227, 
then the number of 1 .25 MHz bands that may be fitted into 

30 the frequency band of the feeding EPF 227 determines the 
number of demodulator EPF's that should be used in a 
demodulator receiving signals from the feeding EPF 227. It 
is to be noted that the above method for determining the 
number of demodulator EPF's to be used in a demodulator 

35 can be applied to systems using a frequency band different 
from a 1.25 MHz band for transmitting signals. For such 
systems, the frequency band commonly used in those 
systems, instead of a band of 1.25 MHz, will be used to 
determine the niunber of demodulator EPF's (not shown) to 

40 be used in the demodulator. 

In one embodiment, N is equal to three, in which case 
mobile station 200 comprises three subreceivers. In one 
embodiment having three subreceivers, each of the subre- 
ceivers is tuned to a different frequency and filters signals 

45 within a bandwidth of approximately 1.25 MHz. In this 
embodiment, the demodulators do not need to have any 
demodulator EPF's as the bandwidth of each of EPF's 227 
is equal to that of frequency bands on which signals are 
commonly transmitted in a wireless communication system. 

50 In a second embodiment, mobile station 200 comprises 
two subreceivers. In a first embodiment of a two subreceiver 
mobile station, one subreceiver filters signals at a bandwidth 
of approximately 3.75 MHz while the other subreceiver 
filters signals at a bandwidth of approximately 1.25 MHz. In 

55 the above mentioned first embodiment where the EPF 227 of 
one subreceiver has a bandwidth of approximately 3.75 
MHz, the demodulator coupled to the 3.75 MHz EPF 227 
includes three demodulator EPF's (not shown) for subdi- 
viding the signals received from the 3.75 MHz EPF 227 into 

60 three separate signals each of which is in one of three 
adjacent bands having a bandwidth of approximately 1.25 
MHz. In one embodiment, the band for the 1.25 MHz EPF 
227 may correspond to one of the three 1.25 MHz subbands 
of the 3.75 MHz EPF 227. In such an embodiment, the 3.75 

65 MHz EPF 227 and the 1.25 MHz EPF 227 together inchide 
three demodulator EPF's (not shown) for subdividing sig- 
nals received from the 3.75 MHz EPF 227 and the 1.25 MHz 
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BPF 227 into three separate signals each of which is in one DSP 1129 receives digital signals from the ADCs 1125. 

of three adjacent bands having a bandwidth of approxi- Thereafter, it band pass filters each of the signals from the 

mately 1.25 MHz. In a second embodiment of a two sub- ADCs 1125. DSP 1129 may also mix the input digital signals 

receiver mobile station, one subreceiver filters signals at a to baseband and then use a low pass, rather than a band pass, 

bandwidth of approximately 2.5 MHz while the other sub- 5 filler for filtering the digital signals. If the ADC 1125 

receiver filters signals at a bandwidth of approximately 1.25 oversamples the analog signals, in other words samples the 

MHz. In the above mentioned second embodiment where analog signals at a rate greater than the Nyquist rate or chip 

the BPF 227 of one subreceiver has a bandwidth of approxi- rate, then the DSP 1129 may also decimate the data firom the 

mately 2,5 MHz, the demodulator coupled to the 2.5 MHz oveisampled data rate to the Nyquist rate or chip rate. 

BPF 227 includes two demodulator BPF*s (not shown) for Moreover, the DSP 1129 extracts the I (in-phase) and Q 

subdividing the signals received from the 2.5 MHz BPF 227 (quadrature-phase) components of the signals. In other 

into two separate signals each of which is in one of two words, the signals sent form the DSP 1129 to searchers and 

adjacent bands having a bandwidth of approximately 1.25 demodulators 230 are the I and Q components of the input 

MHz. signal. U.S. Pat. No. 6,3859,069, issued May, 14, 2002, 

In one embodiment, the BPF's 227 may comprise surface entitled "A Low Current Programmable Digital Filter** 

acoustic wave (SAW) filters, which are well known to those which has been assigned to the assignee of the present 

skilled in the art. It is to be noted that the BPF's used in the invention and is herein incorporated by reference provides 

present invention are not limited to SAW filters, but may greater detail about the aforementioned functions of DSP 

instead be any BPF used in the art, such as other types of 1129. 

analog filters (e.g., cascaded lumped elements filters, As noted above, the block diagrams of the mobile stations 

crystals) or digital filters (e.g., finite impulse response (FIR) 100 and 200 do not show some elements commonly used in 

fi^*^^^)- mobile stations since those elements are well known to those 

FIG. 11 is a general block diagram of an embodiment of skilled in the art. Similarly, the block diagram of mobile 

the multiple subreceiver mobile station of the present inven- station 1100 also does not show some elements commonly 

tion. In mobile station 1100 of FIG. 11, each of analog to 25 used in mobile stations. For example, FIGS. 1, 2, and 11 do 

digital converters (ADC's) 1125, either alone or in combi- not show a low noise amplifier (LNA) and an automatic gain 

nation with digital signal processor 1129, may be thought of control (AGC) that are commonly used in mobile stations, 

as a subreceiver of receiver 1120. Thus, for example, the Nth Those skilled in the art, know that aii LNA amplifies signals 

ADC 1125 or the Nth ADC 1125 in combination with DSP received from duplexers 115 and 215 before those signals 

1129 may be thought of as the Nth subreceiver. Although in 3Q are sent to BPF's 121 and 221, respectively. Similarly, those 

the embodiment shown in FIG. 11, there is one DSP 1129 skilled in the art know that preferably an AGC would control 

corresponding to all ADC's 1125, in an alternative embodi- the amplitude of signals output by BPF's 124 and 224 before 

ment it is conceivable that each ADC 1125 would be they are sent to subreceivers 125 and 225 (ADC 1125 io the 

associated with a separate corresponding DSP that is not case of mobile station 1100). Those skilled in the art also 

shared with other ADC's 1125. 35 know that the adjustment of the AGC is controlled based on 

I Each ADC 1125 may be independently tuned to sample a the signal strength of the signals output by the subreceivers. 

portion of the incoming signal frequency band into digital Those skilled in the art would also realize that if the 

signals. Thus, the first ADC 1125 may be tuned to sample frequency translator 226 in mobile station 200 (or frequency 

incoming signals of a frequency f ^ while the Nth ADC 1125 translator 126 in mobile station 100) is digital, then the 

may be tuned to sample incoming signals of frequency f^^, 40 signals received thereby are digitized somewhere along the 

|where f^ and f^^ are different frequencies and may be the signal path prior to being frequency translated. Similarly, 

|center frequencies for adjacent or non-adjacent frequency those skilled in the art would realize that if BPF 227 in 

f bands. mobile station 200 (or BPF 127 in mobile station 100) is 

In one embodiment, N is equal to three and, therefore, analog then the signal output thereby is converted to a digital 

mobile station 1100 comprises three subreceivers. In one 4s signal for processing by the searchers and demodulators unit 

embodiment having three subreceivers, each of the subre- 230 (or searchers and demodulators unit 130 in mobile 

ceivers is tuned to a different frequency and filters signals station 100). Similarly, those skilled in the art would realize 

within a bandwidth of approximately 1.25 MHz. Mobile that the receiver (of mobile stations 100 and 200) may 

station 1100 may also have the different combinations of include means for extracting the I and Q components of 

number of subreceivers, subreceiver bandwidths and subre- 50 signals prior to sending those signals to the demodulators 

ceiver frequencies (io other words, frequencies to which and searchers unit. 

each subreceiver is tuned) as those described in relation to The ability to simultaneously receive signals on more than 

mobile station 200. one frequency allows the mobile station of the present 

,j Moreover, the ADCs 1125 may be regular analog to invention (1) to be in (a) soft handoff between two different 

■dighal converters or sigma-delta modulators. The sigma- 5S frequencies which are received from different base stations 

delta modulator may be a bandpass sigma-delta modulator or (b) softer handoff between two different frequencies 

when the signal is an intermediate frequency (IF) signal or which are received from different sectors of the same base 

a low pass sigma-delta modulator when the incoming signal station or (c) soft softer handoff between multiple frequen- 

is a base band (i.e., an unmodulated, lower frequency) cies which are received from different base stations, where 

signal. U.S. Pat. No. 6,005,506 issued Dec. 12, 1999, 60 in the case of at least one base station, multiple frequencies 

entitled "Receiver With Sigma-Delta Analog-To-Digital are received from different sectors of the same base station. 

Converter" and U.S. Pat. No. 5,982,315, issued Nov. 9, (2) to be in communication with one base station at a first 

1999, entitled "Multi Loop Sigma-Delta Analog-To-Digital frequency while at the same time searching for and moni- 

Converter** which has been assigned to the assignee of the toring pilots at other frequencies with little or no degradation 

present invention and is herein incorporated by reference 65 to the forward or reverse links with the base station with 

provides greater detail about the sigma-delta modulators that which it is in communication, and (3) to simultaneously 

may be used in the present invention. search for and monitor pages at more than one frequency in 
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the idle state, i.e., when the mobile station is not on a traffic used for transniitting signals in the present embodiment of 

channel. Additionally, the ability to simultaneously receive the wireless communication system of the invention. In the 

signals on more than one frequency allows the mobile example shown in FIG. 3, there are six different frequencies 

station of the present invention to search for signals in fj, f^, fj, f^, f^, and f^ used for communicating between base 

different formats and technologies, such as, for example, 5 stations and mobile stations. In FIG. 3, the frequency bands 

Advanced Mobile Phone Service (AMPS), narrowband centered around each of f^, f^, t^, U, fj, and f^ are substan- 

AMPS (NAMPS), and Global System for Mobile (GSM). jjaiiy equal. Furthermore, the frequency bands in which f^. 

In the search mode, while mobile station 200 (or mobile ^nd are centered are adjacent to each other. Similarly, 

station 1100) is on a traffic channel, i.e., in continuous the frequency bands in which fj, and f^ are centered are 

two-way communication with one or more "anchor" base adjacent to each other. However, the frequency bands in 

x^^^P'-i.Vct" T ''"^ ' u ^""^l^^r^'^ ^ which f3 and f, are centered are not adjacent to each other. 

ADC s n25) and one or more of the base band searchers m ^^^^^ ^ ^^^^^ ^ ^^^^^^^ 

searchers and demodulators uni 230 to candidate frequen- frequencies f„ f^ and using fi^t and second 

cies to search for signals from other base stations or sectors , ^ s ^ c -? t z . .i_ 

of other base stations, if sectorized antennas are used. As is channels, respectively. Smiilarly, base station tl^ee 

known in the art, an anchor base station is a base station with (BS3) and base station four (BS^) fr^mit si^als at fre- 

which a mobile station is in continuous two-way commu- quencies f,. f,. and f^ using third and fourth code channels, 

nication. Each of the one or more subreceivers and base respectively. Therefore, as can be seen from the above 

band searchers searching for signals from other base stations example, by using different code channels, more than one 

can be tuned to one of the multi-carrier frequencies of base station may transmit signals at a given frequency. In 

candidate base stations to detect the existence of the forward 20 FIG. 3, signals on frequencies f^, f4, and 4 which are shown 

hnk signal by measuring the forward link signal power level in darker outlines are intended for a first mobile station 

for the respective base station and correlating with the pilot whereas signals carried on frequencies f2, fg, and ^ are 

channel, by detecting digital control channels of analog intended for a second mobile station, 

cellular systems, or by detecting forward link overhead Generally, each mobile station may receive code symbols 

channels. This search helps the determination of the cover- 2s on up to M code channels, where M is an integer. More 

age of the mobile sution by different base stations and the specifically, each demodulation finger of the mobile station 

proper timing for inter-frequencyhandoff. When the mobile ^^^-^^ ^ ^^^^ ^ ^^ ^ channels, 

station is executing this search, one or more subreceivers AdditionaUy, each mobile station may receive code symbols 

and their corresponding base band searchers and demodu- ^^ frequencies, where, as stated above, N is an 

lators are still receiving the forward traffic channel 30 integer greater than one and represents the number of 

Moreover, the mobile station 200 (or mobde station 1100) subreceivers within the mobUe station. N also represents the 

contmues transmittmg to the anchor base station(s) without ^^^^^er of carriers intended for reception by a given mobile 

interruption, thus ensurmg the reverse hnk to be working ^j^^^^^ ^y^j^^^^ j„ ^^^^^^ 3^ 

properly. M is at least six and N is equal to three. 

During system determination (i.e.. when the mobUe sta- 35 ^h^ ^^^^ ^^^^^ ^ , ^^^ile station 

tion isdetermming which wireless oommumcation system it ^ demultiplexed (i.e., sent as paraUel substreams) on 

B near and which base station it can communicate with), the ^J^^ ^^^^J^ frequencies 

multiple subreceivers of the mobile station can be used in . . , . i • * j j r * * u-i * 

, , , - , , . IP u- 1 u which carry signals mtended for the target mobde station, 

parallel Id detect for»,ard Imks signals from mulUple base J substreams may be duplicated on the six 

stations Generally, paiaUel detection of forward hnk signals 40 ^^e channels on the three different frequencies 

aUows for quicker system determination than sequen la (or ^^.^^ ^^^^^ ^^^^ ^^^^^ ^^^^^ 

serial) detection of forward link Signals, In an idle State (i.e., „ : - i j u i * T j j 

, LM . • . - ^ For example, in FIG. 3, code symbols intended for the first 

when the mobde station is not m two way continuous ... . ' . , j v * j tu 

. - L i_ . \ mobile station may be demultiplexed or duplicated on the 

communication with one or more anchor base stations), the . * i * - ir f ^^tt, ^ 

, . „ 11... i_ . J . SIX code channels on frequencies L, and ig. The code 

different subreceivers of the mobile staton can be hined to 45 ^ combination of demulti- 

receive from multiple base stations on the same or different petition. Some combination of demultiplexing 

frequencies to improve the paging channel reliability. The j*-*- i c w u - u ^ • ia 

7., , r T - . ' * and repetition, an example oi which is shown m Flu. 10, 

mobile station searches for and momtors the paging chan- -j-fr jfj* *ui 

. 3 r may bc uscd to avoid mterfcrencc aud fading or to balaucc 

nels from multiple base stations using different portions of ^, , , r j-cr ^ • j i_ * *• 

• r I^' i_ • \ J 1- i_ J J J the load of the different carriers and base stations. 

Its RF front end (i.e., subreceivers) and base band demodu- so 

lator. As the mobile station and its propagation environment ^"^^^^ ^^^^^ multiplexes the demultiplexed sym- 

changes, the relative strengths of these paging channels may ^""^^ "^^^^ maximal ratio combmes the repeated code 

vary over time. In accordance with the present invention, the symbols from different multipath components and different 

mobile station can monitor one or more paging channels ^o^^ channels on the earners that it is receiving. Thereafter, 

while searching for the others. A portion of the RF front end 55 demultiplexed and combined code symbols are sent to 

of the mobile station can be tuned to a new frequency or ^^e decoder (not shown) of mobile station 200 (or mobile 

frequencies so the searcher(s) can find strong pilot channels station 1100). 

on a new frequency or frequencies different from those that Some code channels, such as the six code channels in FIG. 

the mobile station is currently monitoring. If strong energy 3, might not carry any code symbols for a target mobile 

is detected or high correlation indicates the existence of a 60 station. For example, some of the six code channels on 

forward link signal at the new frequency or frequencies, then frequencies f^, l^^ and f^ might not carry any code symbols 

the mobile station can choose to monitor the target base for the first mobile station. 

station or base stations, i.e., the base station or base stations FIG. 4 is a more detailed representation of code channels 

transmitting the pilot channels on the new frequency or used for transmitting signals on one of the illustrative 

frequencies. 65 frequency bands in FIG. 3. In FIG. 4, the illustrative carriers 

FIG. 3 is a graph illustrating a frequency domain repre- from BS^ and BS2 are on the same frequency and may use 

scntation of multiple frequencies and multiple code channels the same or different code channels. Code symbols intended 
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for a particular mobile station can be sent by different base missing code symbols while searching for signals at another 

stations using different code channels. BS^ uses one code frequency. For example, in the embodiment of the present 

channel 405 and one Walsh channel 410. BSj uses three invention where one sub receiver has a 3.75 MHz EPF and 

code channels 455, 465, and 475, which are separated by another subreceiver has a 1.25 MHz EPF, the subreceiver 
two Walsh channels 460 and 470. 5 with the 3.75 MHz EPF can receive the code symbols 

As can be seen from FIG. 6, the number of code channels transmitted on frequencies fj, fi, and fj while the subrc- 

on a carrier used for fransmitting code symbols to a given reiver with the 1.25 MHz BPF searches for signals on 

mobile station need not be equal to the number of code another frequency. In such a case, code symbols on frequen- 

channels on other carriers used for transmitting code sym- cies f^, f^, and f^ would not be missed at the mobile station 
bols to the same given mobile station. Moreover, a given 10 due to the searching by the subreceiver with the 1.25 MHz 

carrier can have a higher code symbol rate than other carriers BPF- Alternatively, one 1.25 MHz subband of the 3.75 MHz 

that are carrying code symbols to the same mobile station on BPF n^ay be used for searching while its remaining two 1.25 

the same or different frequencies. This alleviates the prob- MHz subbands and the 1.25 MHz BPF are used for receiving 

lem of uneven load on the different carriers from the same code symbols on frequencies f^, f^, and fg. 

base station. The ability to send code symbols at different pjG, 6, BSj transmits code symbols on f^ and f^ using 

rates on each carrier based on channel conditions and the code channels Cj and C2. BSj transmits code symbols S^, 

available power on each channel allows improved utilization S4, S^, and S^q on f^ using code channel C^. BS^ also 

of channel resources because transmitting code symbols at transmits code symbols Sj, S5, Sg, and S^j on f ^ using code 

the same rate on all channels would force all the channels to channel C^. BS ^ also transmits code symbols S3, Sg, Sp and 

be transmitting at the same rate as the slowest channel in the S12 on using code channel Cj. Code channels Q and Q 

system, i.e., the channel with the least power or requiring the may be Walsh code channels. 

highest signal to noise ratio. One way to allow for the ip piG. 6, BSj uses only two frequencies f^ and fa, rather 

transmission of code symbols at different code symbol rates than three frequencies fj, f2, and as in the example shown 

on each carrier is by using a demultiplexing ratio between in fig. 5, for transmitting code symbols S^ to S12. However, 
the different channels that is different from a 1 to 1. The 25 bS^, in the example of FIG. 6, uses two, rather than only one 

demultiplexing ratio between two channels refers to the ratio Walsh code channel as in the example shown in FIG. 5, on 

of the code symbol transmission rates on the two channels. frequency f^. The use of more Walsh code channels allows 

In a preferred embodiment, the resulting symbol rate on each bSj, in the example of FIG. 6, to transmit code symbols at 

carrier is a factor of a Walsh function rate. An alternative the same rate as that in the example of FIG. 5. Thus, the code 

approach is to demultiplex the code symbols out of the symbol throughput may be maintained by using a higher 

encoder to the carriers directly and perform the interleaving symbol rate per carrier, such as by use of more Walsh code 

of the repeated code symbols on each channel separately. channels per carrier. The code symbol throughput may also 

FIGS. 5-10 are tables showing examples of different be reduced which would result in a higher error-correcting 

combinations of frequencies, base stations, code channels, code rate and less redundancy. 

and code symbols used in the wareless communication A code symbol distribution such as that of the example 

system of the present invention. shown in FIG, 6, where only two frequencies are used for 

In FIG. 5, BSi transmits signals, in this case code symbols transmitting code symbols to the mobile station on the 

Si to S12, on frequencies f^, f^, and fj. Code symbols S^, S4, forward link, allows a mobile station which can simulta- 
$7, and S^o are transmitted on fj, while code symbols S2, S5, ^ neously receive signals on only three frequencies to receive 

Sg, and Sji are transmitted on f2, and code symbols S3, S^, code symbols on the forward link without missing code 

Sg,, and S12 are transmitted on fj. Thus, BS^ transmits symbols due to searching on a third frequency. For example, 

muhiplexed code symbols Sj to S^2 0° consecutive frequen- while subreceivers tuned to frequencies f^ and f2 receive 

cies fj, f2, and fg. code symbols on the forward link, the subreceiver tuned to 

In the example of FIG. 5, the code symbol flow on the 45 frequency may be used to search for signals from other 

forward link remains the same before, during, and after the base stations or different sectors of the same base station if 

search. Maintaining the same code symbol flow on the sectorized antennas are used. 

forward link results in an effectively increased error- A code symbol distribution such as that shown in FIG. 6 

correcting coding rate. Missing code symbols or energy may also be used when the load on the frequency fg from 
caused by the search are known to the receiver and are jq BSi is relatively high and that on frequency fj is relatively 

treated as erasures. Using methods and decision trees well low. 

known to those skilled in the art, depending on the resulting in FIG. 7, BS^ transmits code symbols 81,84, S7, and Sjq 

bit energy to noise density ratio (Eb/Nl), the fading scenario, on f^, code symbols Sj, 85, Sq, and S^^ on 4» and code 

and the awareness of the anchor base station about the symbols 83, S^, Sp, and 8^2 on fj while BS2 transmits code 
search, the forward link traflSc channel power for the mobile 55 symbols 82. 85, Sg, and S^ on f^. In the example of FIG. 7, 

station may be increased or otherwise adjusted to ensure that some of the multiplexed code symbols, specifically code 

the forward link quality is sufficient. symbols S2, S5, Sg, and S^, are sent by both BSj and BSj 

In another embodiment, the forward link code symbols on 4 and fj, respectively, for increased reliability at the cost 

intended for the mobile station are sent only on the remain- of redundancy, as BS2 does not send information additional 
ing carriers, i.e., the carriers that the mobile station is still go ^ tbat sent by BS^. Such redundancy for improved reliabil- 

demodulating in the search mode. ity may be particularly appropriate in a situation where there 

It is to be noted that the above problem of missing code is soft handoff between BSj, and BS2 across two different 

symbols exists when the subreceivers of the mobile station frequencies fj and f^. 

do not have a combined bandwidth that is suflBcient for both In FIG. 8, BS^, transmits code symbols S^, S^, S7, and 
receiving signals on frequencies f^, fj, and and the search 65 S^oon fj, code symbols S^, S3, Sg, and S^ on fj, and code 

frequency. In some embodiments, the code symbols trans- symbols S3, Sg, S9, and S12 on f3 while BS2 transmits code 

mittcd on frequencies fi, f2, and f3 may be received without symbols S^, S4, S7, and S^q on fi» code symbols S2, S5, Sg, 
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and on and code symbols S3, Sg, S9, and S32 on fj. 
In the example of FIG. 8, there is total redundancy in the 
code symbols transmitted by BS^ and BS^ as the code 
symbols transmitted by BS^ on f^, E^, and are also 
transmitted by BSj on the same frequencies. This increased 5 
redundancy results in increased rehability. 

In FIG. 9, BSi transmits code symbols $1,87, 8^3, and 8^9 
on f^, code symbols Sj, Sg, S^^, and on f^, and code 
symbols S3, S^, S^j, and S21 on £3 while BS3 transmits code 
symbols S^, S^q, S^^, and on f^, code symbols S3, S^, 1° 
8^7, and S23 on and code symbols S^g, S^^f ^i8» ^24 
on £3. In the example of FIG. 9, there is no redundancy and 
the increased reliability that results therefrom as the code 
symbols are demultiplexed onto frequencies from different 
base stations for increased throughput. ^5 

In FIG. 10, BSj transmits code symbols 8^,84, 87, and S^q 
on fi, BS2 transmits code symbols S^, S4, 87, and S^q on f^, 
BS3 transmits code symbols 83, 85, Sq, and S^^ on f4 and 
code symbols S3, S^, Sp, and 8^2 on fg, and B84 transmits 
code symbols Sj, 85, Sg, and 8^^ on f4 and code symbols S3, 
85, 8g, and 8^2 on fg. In the example of FIG. 10, code 
symbols are demultiplexed onto different frequencies, but 
more than one base station transmits the same code symbols 
on each frequency in order to avoid interference and fading. 
In the example of FIG. 10, there is soft handoff between BS^ 
and B82 on frequency f^. Similarly, there is soft handoff 
between BS3 and BS4 on frequencies f4 and f^. 

While the present invention has been particularly 
described with respect to the illustrated embodiments, it will 
be appreciated that various alterations, modifications, and 
adaptations may be made based on the present disclosure, 
and are intended to be within the scope of the present 
invention. While the invention has been described in con- 
nection with what are presently considered to be the most 
practical and preferred embodiments, it is to be understood 
that the present invention is not limited to the disclosed 
embodiments but, on the contrary, is intended to cover 
various modifications and equivalent arrangements included 
within the scope of the appended claims. ^ 

What is claimed is: 

1. A wireless communication system comprising: 
a plurality of base stations, wherein each of said base 
stations transmits signals on at least one of a plurality 
of frequencies; 45 
a plurality of mobile stations, at least one of said plurality 
of mobile stations includes: 

a transmitter for transmitting signals to at least one of 
said plurality of base stations; 

a receiver coupled to said transmitter for receiving 50 
signals from at least one of said plurality of base 
stations, said receiver having N sub receivers, 
wherein N is an integer greater than one and each of 
said N subreceiveis is capable of being indepen- 
dently tuned to a desired frequency of said at least 55 
one of said plurality of frequencies; and wherein said 
N subreceivets includes at least one of: 

(a) a first subreceiver and a second subrecciver tuned 
to frequency bands having equal frequency 
widths; 60 

(b) a third subreceiver and a fourth subreceiver tuned 
at a first frequency band and a second frequency 
band, respectively, and said first frequency band is 
two times as wide in the frequency domain as said 
second frequency band; and 65 

(c) a fifth subreceiver and a sbcth subreceiver tuned 
to a third frequency band and a fourth frequency 



band, respectively, and said third frequency band 
is three times as wide in the frequency domain as 
said fourth frequency band. 

2. The wireless communication system of claim 1, 
wherein a first base station of said plurality of base stations 
transmits signals on a first frequency using a first code 
channel and a second base station of said plurality of base 
stations transmits signals on said first frequency using a 
second code channel to said mobile stations, said first and 
second code channels being different code channels. 

3. In a wireless communication system, a method of 
communicating between a mobile station and at least one 
base station, said method comprising: 

receiving first signals at a first frequency from a first base 
station; 

while receiving the first signals, receiving second signals 
from one of a second base station and a second sector 
of the first base station, wherein the second signals are 
at a second frequency that is different from the first 
frequency; 

searching the first signals for the existence of a structured 
waveform within the first signals; 

demodulating the first signals to remove structured wave- 
forms from the first signals; 

transmitting first outgoing signals to the first base station; 
while searching and demodulating the first signals and 
transmitting the first outgoing signals, searching for 
pilots at the second frequency and; 

establishing a communication link with the second base 
station at the second frequency wherein the mobile 
station is in at least one of soft handoff and softer 
handoff between the first and second frequencies with 
the first base station and the second sector of the first 
base station. 

4. The method of claim 3, further comprising: 
receiving third signals at a third frequency from the 

second sector of the first base station; 

establishing a communication link with the second base 
station at the second frequency; 

establishing a communication link with the second sector 
of the first base station; 

wherein the mobile station is in soft softer handoff 
between the first, the second, and the third frequencies 
with the first base station, the second base station and 
the second sector of the first base station. 

5. A mobile station comprising: 

a transmitter for transmitting outgoing signals from the 
mobile station; 

a receiver for receiving incoming signals, said receiver 
coupled to said transmitter and having N subreceivers, 
wherein N is an integer greater than one and each of 
said N subreceivers is capable of being independendy 
tuned to a desired frequency, and wherein said N 
subreceivers include at least one of: 

(a) a first subreceiver and a second subreceiver tuned to 
frequency bands having equal frequency widths; 

(b) a third subreceiver and a fourth subreceiver tuned at 
a first frequency band and a second frequency band, 
respectively, and said first frequency band is two 
times as wide in the frequency domain as said second 
frequency band; and 

(c) a fifth subreceiver and a sixth subreceiver tuned to 
a third frequency band and a fourth frequency band, 
respectively, and said third frequency band is three 
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times as wide in the frequency domain as said fourth 
frequency band. 

6. The mobile station of claim 5 fiirther comprising: 
a duplexer coupled to said receiver and transmitter; 
an antenna coupled to said duplexer; 

a searcher coupled to said receiver; and 
a demodulator coupled to said searcher. 

7. The mobile station of claim 5, wherein each of said N 
subreceivers comprises a surface acoustic wave filter. 
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8. The mobile station of claim 5, wherein each of said N 
subreceivers comprises an analog to digital converter. 

9. The mobile station of claim 5, wherein each of said N 
subreceivers comprises a sigma-delta modulator. 

10. The mobile station of claim 5, wherein said N sub- 
receivers further comprise a digital signal processor. 

11. The mobile station of claim 5, wherein said N subre- 
ceivers further comprise a digital signal processor. 

4 * ♦ * * 
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